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METHOD OF PRODUCING A HYDRAULIC BINDER OR THERMOPLASTIC CONTAINING 
PRODUCT 

BACKGROUND OF THE INVENTION 

This invention relates to a method of producing a product from a flexible open cell polymeric foam 
element and a hydraulic binder slurry, and to the product so made. The product may be for 
example a panel or a board or the like for use in the building industry. 

Portland cement based building boards are well known. They are generally made from cement 
bound particle board or the like, i.e they contain lignocellulosic particles or fibres. These boards 
however suffer from the disadvantage that the lignocellulosic particles or fibres have a propensity 
to swell when water wetted and can interfere with the cure of the Portland cement In addition, the 
manufacture of the boards generally includes autoclaving, which is energy intensive. 

Other types of hydraulic binder based building boards include those that contain expanded 
minerals such as vermiculite. The method of manufacture of such boards generally involves the 
use of pressure and temperature in a sophisticated production plant 

Another type of known boards are gypsum building boards which generally include the use of 
paper liners. 

Thus, while many types of hydraulic binder based building boards are known, they generally suffer 
from one or other disadvantage. There is thus a need for a new type of hydraulic binder based 
product 
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According to a first aspect of the invention there is provided a method of producing a product from: 

(a) a flexible open cell polymeric foam element and 

(b) a binder selected from: 

(i) an hydraulic binder slurry; or 

(ii) a mixture of a pozzolan and either lime or Portland cement in the form of a slurry; 

(iii) a synthetic geopolymer precursor slunry; or 

(iv) a thermoplastic material in liquid form; 
which includes the steps of: 

(1 ) introducing the binder into the open cells of the foam element by either 

(i) compressing the foam element to exclude air from the open cells and then 
releasing the compression with the foam element in contact with the binder so 
that the binder penetrates and becomes contained in the open cells of the foam 
element as it regains its shape; or 

(ii) impregnating the binder into the foam element under pressure so that the 
binder penetrates and becomes contained in the open cells of the foam 
element; and 

(2) allowing the binder to set or harden and dry to form the product 

In one embodiment in step (1), the foam element is submerged in the hydraulic binder slunry, and 
while submerged, the foam element is compressed to exclude air from the open cells. The 
compression is then released so that the slurry penetrates and becomes contained in the open 
cells. In a second embodiment of the invention, in step (1 ), the hydraulic binder slurry is applied to 
a surface of the foam element prior to the foam element being compressed to exclude air from the 
open cells. In a third embodiment in step (1), the hydraulic binder in dry powder form is placed on 
the foam element which hydraulic binder is slurried with water, whereafter the foam element with 
the hydraulic binder slurry thereon is compressed to exclude air from the open cells. 
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In a fourth embodiment of the invention, in step (1), the foam element is compressed to exclude air 
from the open cells, and while compressed or as the compression is released, a hydraulic binder 
slurry is applied to a surface of the foam element As the compression is released and the foam 
element regains its shape, the slunry penetrates and becomes contained in the open cells. 



This step may be repeated. 



The compression of the foam element in step (1) is carried out by passing the foam element 
between a first roller and a surface, for example a second roller. The hydraulic binder slurry is 
preferably applied to a surface of the foam element directly by at least one of the first and second 
rollers. 



This may be achieved by providing the or each roller with a perforated surface for contacting a 
surface of the foam element and a hydraulic binder slurry feed arrangement for feeding the 
hydraulic binder slurry to the perforated surface of the or each roller for application to a surface of 
the foam element 

In a fifth embodiment of the method of the invention the binder is fed under pressure directly by 
one of the perforated rollers the binder penetrating the open cells of the foam element from one 
side forcing the air out of the foam element from the opposite side without the foam being 
compressed. Optionally this procedure may be repeated from the other side of the foam element 
as it is wound around a perforated roller revolving in the opposite direction to the first one and 
again without need of compression. 

It has also been found that thermoplastic materials can be used instead of hydraulic binders in the 
method of the invention. Thus, the method of the invention as described above, in particular that 
described in the fourth and fifth embodiments of the invention, included producing a product from: 

(b) a thermoplastic material 
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The thermoplastic material is preferably a thermoplastic composition selected from the group 
consisting of polystyrene, polyethylene, polypropylene, polyvinyl chloride, polyvinyl acetal, A.B.S, 
bitumen, and refinery bi-product, or any compatible combination, mixture or blend thereof. 



In particular, the thermoplastic composition is a molten thermoplastic composition. 

According to a second aspect of the invention there is provided a product comprising an open cell 
polymeric foam element containing a set binder as described above in the open cells. The product 
is preferably made by the method described above. 



BRIEF DESCRIPTION OF THE DRAWING 



Figure 1 is a schematic diagram of an embodiment of the method of the invention. 

Figure 2 is a schematic diagram of further embodiments of the method of the invention. 

Figure 3 is a schematic diagram of continuous, optionally simultaneous, pressure injection 
as used in the fourth embodiment of the method of the invention. 

Figure 4 is a schematic diagram of continuous, optionally sequential, pressure injection as 
used in the fifth embodiment of the method of the invention. 

DESCRIPTION OF EMBODIMENTS 



The first aspect of the invention is a method of producing a product from a flexible open cell 
polymeric foam element and a binder. 

The first component is thus a flexible open cell polymeric foam element 

The preferred flexible open cell polymeric foam element is made from a polyurethane foam having 
a density in the range of from 6 kg/m 3 to 40 kg/m 3 more preferably from 7 kg/m 3 to 20 kg/m 3 
inclusive more preferably from 7 to 12kgs/m 3 . A particularly suitable flexible open cell polyurethane 
foam is one based on the combination of a toluene diisocyanate with a polyol, water, methylene 
chloride as a blowing agent stannous octoate as a catalyst and a surfactant which determines the 
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cell size. Toluene diisocyanate is produced as two isomers, viz. 2,4-toluene diisocyanate (2,4-TDI) 
and 2,6-toluene diisocyanate (2,6-TDI) and is commercially available as: 



greater than or equal to 99.5% 2,4-TDI; 

80% 2,4-TDI and 20% 2,6-TDI which is the most commonly used product and is referred to 
hereinafter as TDI (80:20); 

65% 2,4-TDI and 35% 2,6-TDI; and 
“crude” TDI with an unidentified isomer ratio. 



An example of a composition for use in making a flexible open cell polyurethane foam is as follows: 
80 parts TDI Toluene di-isocyanate and 20 parts MDI diphenylmethanediisocyanate 



TDI (80:20) 578.7 

Durapol 3000 (a polyol) 675 

Water 46 

Silicone surfactant (Niax L/580) 1 9.6 

33 LV (catalyst) 1.9 

Glycerine (crosslinker) 3.7 

Methylene chloride (blowing agent) 1 66 

Stannous octoate (catalyst) 2.1 

All parts by weight 



The result is a TDI flexible open cell medium hard polyurethane foam with a density of 1 0 kg/m 3 . 

Other suitable polymeric foams include polyester foams, polyether foams, polyurethane polyester 
hybrid foams, and the like. 

It is important that the polymeric foam element has a good “memory” so that after it has been 
compressed, when the compression is released, the foam element returns to substantially its 
original dimensions so that the binder can fill the open cells. 
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) 

It is also important that the polymeric foam element has a suitable hardness as it is required to act 
as a carrier for the binder and act to as a re-inforcer therefor. 



It is preferable that foe polymeric foam cell size is not too small so that foe surface area of foe foam 
is not too great A cell size in foe range 1 to 5.mm diameter is preferred giving a composite of 
excellent strength at low densities. 

As foe polymeric foam element is flexible, foe element may be post formed into a desired shape 
before foe binder hardens. The shaping of foe polymeric foam element containing foe binder may 
take place in a mould or maybe formed between foe platens of a press or foe like. 

Alternatively, foe polymeric foam element may be shaped before it comes into contact with foe 
binder. For example foe polymeric foam element may be produced in a block and then cut to a 
desired shape, e.g for foe production of a fielded and planed door core, a shaped roof tile, or a 
board with textured surfaces, before foe binder is introduced, and which shape is maintained by foe 
“memory" of foe foam, after foe binder has been introduced. 

The second component is a choice of inorganic hydraulic binders as slurries in water binder. 

The hydraulic binder is preferably selected from the group consisting of Portland cement foe alpha 
and beta hemi-hydrates of calcium sulphate, a calcium aluminate cement magnesium oxychloride, 
and magnesium oxysulphate. 

The hydraulic binder may be a Portland cement preferably a rapid hardening Portland cement with 
a particle size of from 475 rtf/kg or finer. The Portland cement may be mixed with up to 15% by 
weight of an undensified silica fume with a particle size of about 20000 m 2 /kg. 

When foe hydraulic binder is foe alpha or beta hemi-hydrate of calcium sulphate, it is preferably foe 
beta-hemi hydrate of calcium sulphate, which is preferably finely ground, having a particle size of 
300 which may be either synthetic or natural. This product is also referred to as gypsum. 
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When the hydraulic binder is Portland cement the hydraulic binder slurry preferably contains 35 to 
55 parts by weight of water to 100 parts by weight of the Portland cement When the hydraulic 
binder is the beta hemi-hydrate of calcium sulphate, the hydraulic binder slurry preferably contains 
from 55 to 1 30 parte by weight of water to 1 00 parte by weight of the binder. 



The hydraulic binder slurry may include various optional additives as follows: 

1 a polyvinyl alcohol as an auxiliary binder, introduced in the water. A suitable example is 
Mowiol 8/88 by Clariant 

2 An acrylic emulsion a methacrylate or a polyvinyl acetate, added in the water, which 
increases water resistance, toughness and flexural strength. An example is Acrylic Polymer 
E330 by Rohm & Haas. 

3 A super plasticiser in order to reduce the water to binder ratio at a given viscosity. A suitable 
example is Melment F10 by Hoechst, which is a melamine formaldehyde condensate. 

4 A hydrophobic agent such as a silicone masonry water repellant A suitable example is BS 
94 by Wacker which is an anhydrous silicone based on hydrogen polysiloxane. When the 
hydraulic binder is gypsum, it is preferably added to the gypsum in an amount of about 0.3% 
by weight. Another suitable hydrophobic agent particularly for use with Portland cement is 
BS 1307 by Wacker which is a silicone resin siloxane mixture which is used in an amount of 
about 0.4% by weight 

5 A hydrate precursor or hydrogel such as Borax or an alkali silicate respectively to improve 
performance in fire. 

6 Reinforcing fibres of a maximum length of 1 mm such as cellulose or polyamide. 

The inorganic binder may also be a combination of a pozzolan and lime or Portland cement in a 

water slurry. 
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Suitable pozzolans include silica fume with a particle size in the range of from 5 000 to 20 000 
m 2 /kg, ground granulated blast furnace slag with a particle size in the range of from 300 to 2 000 
m 2 /kg, and fly ash with a particle size in the range of from 300 to 2 000 m 2 /kg, or a mixture of any 
two or more thereof. 

As stated above, the pozzolan must be combined with either lime or Portland cement as the source 
of calcium hydroxide. Generally there is used 95 to 75 parts by weight of the pozzolan to 5 to 25 
parts by weight of the lime or Portland cement 

The inorganic binder may also be a synthetic goepolymer precursor in water slurry. An example of 
a suitable geopolymer precursor is a blend of a metal oxide such as aluminium oxide or 
magnesium oxide with a calcium silicate, in the form of Wollastonite, the blend having a particle 
size of 300 mesh or finer. In this case, the geopolymer precursor is impregnated into the foam 
element in the form of a water slurry. Thereafter the foam element containing the slurry is dried 
and then post-impregnated with a compound selected from the group consisting of ammonium 
phosphate, phosphoric acid, or a solution of aluminium phosphate and phosphoric acid, to form the 
geopolymer, viz. a magnesium ammonium phosphate hexahydrate. 

The retention of the hydraulic binder slurry in foam elements where the cell sizes are relatively 
large is a function of apparent viscosity or rheology. In order to ensure a suitable rheology, silica 
fume may be added to Portland cement or suitable organic thickeners may be added to any of the 
hydraulic binders. Acrylic based thickener compounds are preferred. 

The first step of the method of the invention is to introduce the hydraulic binder slurry into the open 
cells of the foam element by compressing the foam element to exclude air from the open cells and 
then releasing the compression with the foam element in contact with the hydraulic binder slurry so 
that the slurry penetrates and becomes contained in the open cells. 
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In one embodiment of the invention, the foam element is submerged in the hydraulic binder slurry 
and while submerged, the foam element is compressed, whereafter the compression is released so 
that the slurry penetrates and becomes contained in the open cells. 



In the compression stage, the air in the open cells of the foam element is forced out of the open 
cells. Thereafter, when the compression is released, the foam element having a memory, returns 
substantially to its original size and shape, i.e the open cells open up again, allowing the hydraulic 
binder to penetrate and be contained in the open cells. 

It is not necessary to exclude all of the air from the open cells of the foam element Depending on 
the nature of the product to be manufactured, the amount of air to be excluded from the open cells 
can be determined. 

The compression of the foam element is preferably carried out by passing the foam element 
between a first roller and a surface, for example a second roller. 



This first embodiment of the invention is illustrated in Figure 1 . 



Referring to Figure 1, a flexible open cell polymeric foam element 10, which may be either a 
continuous sheet, or a discrete element which may be flat or shaped, is transported on a conveyor 
12 into a slurry tank 14 containing an agitator 16. The slurry tank 14 is filled with a hydraulic binder 
slurry. The foam element 10 is passed between two rollers 18, 20 between which the foam 
element 10 is compressed. On exiting the rollers 18, 20 the foam element 10 regains its original 
size and shape and the hydraulic binder slurry penetrates and becomes contained in the open cells 
of the foam element 10. The foam element 10 now containing the hydraulic binder slurry passes 
out of the slurry tank 14 and is passed between two rollers 22, 24. The foam element 10 
containing the hydraulic binder slurry is compressed between the rollers 22, 24 to extract some of 
the hydraulic binder slurry therefrom. This hydraulic binder slurry is then fed back to the slurry tank 
14. 
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The foam element 10 now containing the desired content of hydraulic binder slurry is passed onto 
a conveyor 26 and then through a drier 28 in which the hydraulic binder hydrates and sets and is 
dried. The final product 30 then exits the drier 28. 



In an alternative, before the hydraulic binder in the hydraulic binder slurry hydrates and sets, the 
foam element containing the hydraulic binder slurry may be formed into a desired shape. For 
example, the foam element containing the hydraulic binder slurry may be placed onto a mould and 
then conformed to a shape such as a corrugated sheet or U-section or the like. 



In a second embodiment of the invention, a hydraulic binder slurry may be applied to a surface of 
the foam element Then the foam element with the hydraulic binder thereon is compressed to 
exclude air from the open cells and then the compression is released so that the hydraulic binder 
slurry penetrates and becomes contained in the open cells. The compression between the rollers 
or perforated compression plate or plates forces penetration of the hydraulic binder slurry into the 
open cells of the foam element This step may be repeated in order to ensure sufficient 
penetration of the hydraulic binder slurry into the open cells of the foam element This embodiment 
has the advantage that weights and final product densities may be very accurately controlled in a 
batch production context 

A further embodiment of the invention is illustrated in Figure 2 which is; 



(i) to impose a shape upon the foam element containing the inorganic binder slurry, and/or 

(ii) to achieve a higher concentration of the inorganic binder slurry at the surfaces of the foam 
element when compared with the concentration of the organic binder slurry in the interior of 
the foam element 



In terms of the second alternative, the foam element containing the inorganic binder slurry is 
compressed to impose a shape upon the foam element either on one or both sides of the foam 
element which shape is retained when the inorganic binder sets. 
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This is illustrated schematically in Rgure 2, Referring to Figure 2, a foam element 10 impregnated 
with an inorganic binder slurry is conveyed from a slurry tank (not shown) on a conveyer 12 and 
then between top and bottom conveyors 14, 16 respectively, the conveyor 14 being shaped as 
illustrated, to impose a shape upon the foam element 10. The inorganic binder impregnated in the 
foam element 10 must set sufficiently prior to release from the conveyors 14, 16 so that the foam 
element 10 retains its shape once it is moved out from between the conveyors 14, 16. 



The shaped foam element 10 is then conveyed on a conveyor 18 into a drier 20, where the product 
is dried. 



As an alternative, when die inorganic binder is for example a Portland cement, the foam element 
10 may be shaped between platens 22 which are then stacked and/or clamped to allow the 
Portland cement to set sufficiently prior to removal of the foam elements 10 from the platens 22, 
e.g for a period of 12 to 24 hours. 

For example, the foam elements 10 may be allowed to hydrate fully over an extended period by 
stacking in an open area with or without steam curing. 

In the third alternative, the foam element containing the inorganic binder slurry is compressed to 
increase the concentration of the inorganic binder at the surfaces of the foam element relative to 
the concentration of the inorganic binder in the interior of the foam element 

This is illustrated in Figure 3 where there is shown a foam element 30 having a higher 
concentration of inorganic binder 32 close to the surfaces thereof relative to the concentration of 
inorganic binder 34 in the interior of the foam element 30. 

For example the foam element may initially have a thickness of 20 mm which is then compressed 
to a final thickness of 1 2 mm. 

This is achieved as is illustrated schematically in Rgure 4. In Rgure 4A, there is shown an open 
cell 40 of a foam element containing an amount of an inorganic binder 42. In Rgure 4B the same 
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cell 40 is illustrated when it has been parity compressed, indicating r the concentration of the 
inorganic binder 42 in the cell. In Figure 4C there is again illustrated the same cell 40, now with an 
even greater concentration of the inorganic binder 42 in the cell 40. 



In this way, it is possible to produce what is effectively a stress skin component with the highest 
concentration of the inorganic binder being in the outer horizons of the component This is also 
used for lamination. 



The hydraulic binder slurry may be reinforced with thermoplastic polymers chosen from acrylates, 
methacrylates, vinyls or polyvinyl alcohol, or with water miscible thermosets such as oligo 
isocyanates such as Suprasec 1042 by Huntsman, or phenol formaldehyde resoles. 

A fourth embodiment of the invention is illustrated in figure 5 which is; 

Referring to Figure 5, a flexible open cell polymeric foam element 10, which may be either a 
continuous sheet or a discrete element, which may be flat or shaped, is transported on a conveyor 
1 2 between two rollers 1 4, 1 6 between which the foam element 1 0 is compressed. 

The rollers 14, 16, in this embodiment are revolving perforated hollow feed tube rollers that include 
solid stationary cores 18, 20, respectively. The cores 18, 20 include respective feed conduits or 
channels 22, 24 for conveying a hydraulic binder slurry to the rollers 14, 16 and respective feed 
passages 26, 28 for feeding the hydraulic binder slurry to the perforated surfaces 30, 32. 

The hydraulic binder slurry then contacts the surfaces 34, 36 of the foam element 10, whilst 
compressed and/or as compression is released, and then penetrates and becomes contained in 
the open cells of the foam element 10 as compression is released on exiting the rollers 18, 20. 

On exiting the rollers 18, 20 the impregnated foam element 10 regains its original size and shape. 
The foam element 10 now containing the hydraulic binder slurry may be passed through a second 
set of perforated hollow tube rollers 38, 40, where the abovementioned method may be repeated. 
In addition, the impregnated foam element 10 may be passed between an optional third set of 
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hollow feed tube rollers 42, 44 which only partially compress the foam element 10 thereby resulting 
in partial impregnation of the outer regions of the foam element 10 to form integrated solid or semi- 
sold outer skins 46, 48. The foam element 10 now containing the desired content of hydraulic 
binder slurry can then be further treated. 



A potential difficulty in using the method referred to as the first embodiment of the invention 
illustrated in Figure 1 is that when water is added to a hydraulic binder, hydration immediately 
commences and even in a continuous process the binder slurry in a bath or container will, in a 
relatively short period of time, produce lumps, accumulations or granules of set or partly set 
hydraulic binder at different stages of foe hydration process. In some cases, such as gypsum, the 
hydration process can be almost indefinitely retarded, but this requires added cost and at some 
point in the process, either foe retardation must be neutralised or foe hydration accelerated to 
overcome foe retarder. 



A further potential difficulty in impregnating foe open cellular foam in a bath in which it is 
submerged is that when it is removed from foe bath, foe relatively high viscosity of the slurry on top 
of foe emerging impregnated foam means that it must be removed unless the sheet exits foe bath 
vertically. This difficulty is particularly true of sheet material. 

In addition to obviating foe above potential difficulties of submersion of foe foam element this 
fourth embodiment of foe invention allows for foe degree of impregnation to be accurately 
controlled by pressure of foe binder and the speed of the feed rollers. Further, the system is self- 
purging, preventing foe accumulation of set or semi-set hydraulic binder. Further, it makes 
provision for varying foe reology or apparent viscosity of foe slurry without process difficulty, 
because it is under positive pressure and is forced into foe foam. It also allows for foe inclusion of 
a heavily or totally impregnated outer layer for added strength and water resistance of foe final 
product The system is easy to clean and easy to maintain and the binder can be easily 
maintained at a specific temperature by heating foe stationary solid cores of foe perforated rollers. 

As indicated above, there may be used instead of the hydraulic binder slurry a thermoplastic 
material, typically a thermoplastic composition. The thermoplastic composition, which is preferably 
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molten for ease of processing, may be selected from the group consisting of polystyrene, 
polyethylene, polypropylene, polyvinyl chloride, polyvinyl acetal, A.B.S, bitumen or refinery waste. 



A fifth embodiment of the method of the invention is illustrated in Figure 6 



An example of the introduction of a binder into the open cells of a foam element by impregnation 
under pressure will now be given. 

Figure 6 is a schematic diagram of this method of the invention. A length of an open cell polymeric 
foam element 10 is passed between free rolling feed rollers 12 which have a clutch controlled 
resistance so as to apply a tension to the open cell polymeric foam element 10. The open cell 
polymeric foam element 10 is pulled by a perforated feed roller 14, rotating in the direction shown. 
At the feed roller 14, a binder in slurry or liquid form is impregnated into the open cell polymeric 
foam element 10 through a feed galley 16 in an assembly 18. As the binder in slurry or liquid form 
is injected into one side of the open cell polymeric foam element 10, air in the open cells is 
exhausted from the other side of the open cell polymeric foam element 1 0. 

Optionally, compression rollers 20 may compress the open cell polymeric foam element 10 to 
ensure uniform wetting and penetration of the binder. 

The open cell polymeric foam element 10 now impregnated from one side is then wound around a 
second perforated feed roller 22, rotating in the opposite direction to the feed roller 14. The feed 
roller 22 includes a feed galley 24 in an assembly 26 which injects the binder in slurry or liquid form 
into the opposite side of the open cell polymeric foam element 10, with air again escaping from the 
side of the open cell polymeric foam element 10 not being impregnated. 

The assembly again may include compression rollers 28 to ensure uniform wetting and penetration 
of the binder. 



The impregnated open cell foam element 10 is then deposited onto a conveyor 30. 
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Adjustable tension rollers 32 control the tension in the open cell polymeric foam element 1 0 as well 
as the area of surface contact with the perforated feed rollers 14 and 22. 



The binder impregnated into the open cell polymeric foam element 10 is then allowed to set to form 
the finished product 

As an alternative, the binder may be impregnated under pressure into the open cells of the foam 
element from one side thereof only, the binder penetrating through the entire thickness of the foam 
element 

In another embodiment a binder precursor may be impregnated into the open cells of the foam 
element from one side of the element by a first feed roller followed by the impregnation into the 
foam element of a reactant to the binder precursor from the other side of the foam element by a 
second or sequential roller. 

As indicated in the previous embodiments, before the binder sets, the foam element containing the 
binder may be formed into a desired shape. 

In another embodiment of the invention, when the binder is a hydraulic binder slurry, the hydraulic 
binder slunry may be foamed by any method known in the art, i.e. the use of a pre-formed foam on 
the use of a foaming agent that foams in situ to give a low density hydraulic binder slurry. 

The resulting product has a low density and yet a high thermal insulation and this is suitable for all 
thermal insulation applications, particularly the insulation of buildings. 

Examples of products which may be produced by the method of the invention include the following: 



Gypsum Containing Products 

A product moulded on both sides, such as the core of a fielded and planed or multi panelled door, 
with a dry density in the range of from 250 to 400 kg/m 3 inclusive. 



15 




WO 2004/016680 



T/ZA2003/000109 



A product moulded to have a texture or pattern on one surface, such as an acoustic ceiling tile, 
with a dry density in the range of from 200 to 300 kg/m 3 inclusive. 

Ceiling boards, wall boards and wall cores, particularly wall boards reinforced with an acrylic to 
conform to the ASTM performance standards for wall boards without paper liners, with a dry 
density in the range of from 400 to 600 kg/m 3 inclusive, or more preferably laminated with paper on 
both sides by a thermoplastic polymer reinforced gypsum slurry. 

Thermal insulation panels with a dry density in the range of from 100 to 175 kg/m 3 inclusive and an 
R value of 3.2. 

Portland Cement Products 



Siding where the foam element has been shaped to the requisite profile to produce a product with 
a dry density of about 800 kg/m 3 , which may then receive a pure acrylic pigmented overcoat 

Splash backs with a density of about 900 kg/m 3 and a typical thickness of about 1 2 mm. 

Corrugated roof sheeting where the foam element containing the hydraulic binder slurry has been 
shaped over a former to provide a corrugated profile, the product having a dry density of about 
1200kg/m 3 . 

A roof tile with a dry density in the range of from 1 200 to 1 500 kg/m 3 . 

A U-section gutter, having a thickness of 1 0 mm and a dry density of about 1400 kg/m 3 

Another product which may be produced by the method of the invention is lightweight aggregate, 
formed from chipped foam particles or granules which may then be bound together by a hydraulic 
binder before or after setting, or by another binder after setting, and used as a castable or 
sprayable composition. 



16 




WO 2004/016680 



T/ZA2003/000109 



The foam element may be formed into particles or granules before coming into contact with the 
hydraulic binder slurry. Alternatively the product may be broken up after the hydraulic binder has 
set to give particles or granules. 

The density of toe product is controlled by the following variables: 
the cell size of toe polymeric foam element; 

the water to hydraulic binder proportion by weight in excess of that required for full hydration of the 
hydraulic binder; and 

the amount of toe hydraulic binder sluny removed from toe saturated polymeric foam element 
during toe method. 

Densities of from 100 to 1500 kg/m 3 are achievable with great accuracy by toe method of toe 
invention. 

It is also to be noted that because toe polymeric foam element has a uniformity of cell distribution, 
the resulting product is also uniform. 

In addition, dense surface skins of hydraulic binder may easily be incorporated into a product 
before setting of toe hydraulic binder. 

The method of toe invention has various advantages. Firstly, it utilises simple equipment which 
thus has cost implications. The method is also energy efficient The method allows density control 
of the finished product over a wide range. Using toe method of toe invention it is possible to 
produce a wide variety of finished products, with a variety of shapes. 

A particular advantage unique over other forms of foamed inorganic binders is toe peel strength, or 
resistance to delamination, of laminated foam due to toe penetration of toe adhesive system to a 
requisite depth. 
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The method permits the production of products containing no lignocellulosic or other carrier fibres 
with their associated disadvantages. 



Examples of the invention will now be given. 

Example 1 

An acoustic ceiling tile is made by the following method: 

There is provided a 20 mm thick 10 kg/m 3 density open cell flexible TDI polyurethane foam 
element 



There is produced a hydraulic binder slurry containing: 

Beta hemihydrate natural gypsum fine grind 1 200 

2% solution of Mowiol 8/88 by Clariant- polyvinyl alcohol 
in water solution 800 

Melment FI 0 super plasticiser by Hoechst 1 0 

WackerBS15 potassium methyl siliconate 20 

All parte by weight 



The foam element is passed into a sluny tank containing the hydraulic binder slurry composition 
set above and is compressed between two rollers. On release of the compression, the hydraulic 
binder slurry penetrates and becomes contained in the open cells of the foam element 

The foam element containing the hydraulic binder slurry is passed out of the slurry tank and is 
rolled between two rollers to extract certain of the hydraulic binder slurry. The foam element 
containing the desired quantity of hydraulic binder sluny is then passed through a drier where the 
hydraulic binder sets and the product dries. Thereafter the product is cut to size to produce a 
ceiling tile measuring 600 x 600 x 20 mm with a dry density of 250 kg/m 3 . 
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A building board is made by the following method: 

There is provided an 8 mm thick 14 kg/m 3 density flexible open cell TDI polyurethane foam 
element 



There is produced a hydraulic binder slurry containing: 



Rapid hardening Portland cement 900 

Silica fume undensified 1 00 

Water 420 

, Acrylic emulsion 60 

Melment FI 0 super plasticiser 1 0 

Wacker BS1 307 silicone base 6 

All parts by weight 



The foam element is passed into a slurry tank containing the hydraulic binder slurry composition 
described above. The foam element is compressed between two rollers in the slunry tank. On 
release of the compression, the hydraulic binder slurry penetrates and becomes contained in the 
open cells of the foam element 

The foam element containing the hydraulic binder slurry is passed out of the slurry tank. The 
Portland cement is allowed to hydrate and set whereafter the product is dried to produce an 8 mm 
thick building board with a density of 900 kg/m 3 . The board is easy to cut and nail, can be 
machined, is resistant to freeze/thaw and is cost effective. 
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1. A method for manufacturing an hydraulic binder or thermoplastic containing product 

including the steps of: 

a) Providing a flexible open cell polymeric foam element; and 

b) Providing a binder selected from; 

i) An hydraulic binder slurry; or 

ii) A mixture of a pozzolan and either lime or Portland cement in the form of 
a slurry; 

iii) A synthetic geopolymer precursor slurry; or 

iv) A thermoplastic material in liquid form; 

c) Introducing the binder into the open cells of the foam element by either 

i) Compressing the foam element to exclude air from the open cells and 
then releasing the compression with the foam element in contact with the 
binder so that the binder penetrates and becomes contained in the open 
cells of the foam element as it regains its shape; or 

ii) Impregnating the binder into the foam element under pressure so that the 
binder penetrates and becomes contained in the open cells of the foam 
element; and 

d) Allowing the binder to set or harden and dry to form the product 

2. A method according to claim 1 wherein the foam element is submerged in the binder, and 
whilst submerged, the foam element is compressed to exclude air from the open cells and 
the compression is then released so that the slurry penetrates and becomes contained in 
the open cells. 
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3. A method according to claim 1 wherein the binder is applied to a surface of the foam 
element the foam element with the binder thereon is compressed to exclude air from the 
open cells by a roller or perforated plate, and then the compression is released so that the 
binder penetrates and becomes contained in the open cells. 

4. A method according to claim 1 wherein the compression of the foam element is carried out 
by passing the foam element between a first roller and a surface and applying the binder to 
the surface of the foam element directly by at least the first roller and the surface. 

5. A method according to claims 1 and 4 wherein the binder feed arrangement used in 
conjunction with the perforated rollers comprises of an inner solid stationery core, the outer 
surface of which is in sliding contact with the inner surface of the perforated roller, and into 
which is cut a feed channel the position of which in relation to the perforated feed roller 
and its contact with the foam element is adjustable. 

6. A method according to claim 1 wherein the binder is impregnated into the flexible open cell 
polymeric foam element by injection from one side and then from the opposite side of the 
open cell polymeric foam element 

7. A method according to claims 1 to 8 wherein before the binder sets or hardens the foam 
element containing the binder is formed into a desired shape. 

8. A product containing an hydraulic binder or a thermoplastic material in liquid form which is 
made by a method including the steps of; 

a) Providing a flexible open cell polymeric foam element; and 

b) Providing a binder selected from; 

i) An hydraulic binder slurry; or 

ii) A mixture of a pozzolan and either lime or Portland cement in the form of 
a slurry; 
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c) Introducing the binder into the open cells of the foam element by either: 

i) Compressing the foam element to exclude air from the open cells and 
then releasing the compression with the foam element in contact with the 
binder so that the binder penetrates and becomes contained in the open 
cells of the foam element as it regains its shape; or 

ii) Impregnating the binder into the foam element under pressure so that the 
binder penetrates and becomes contained in the open cells of the foam 
element; and 

d) Allowing the binder to set or harden and dry to form the product 

9. A product according to claim 8 in which the flexible open cell polymeric foam element is a 
flexible open cell polyurethane foam in the density range 7 to 20kg/m 3 either flat or profiled 
on one or both surfaces. 



10. A product according to claim 8 in which die flexible open cell polymeric foam element is a 
flexible open ceil polyurethane foam which has 80% of the cells sizes in the range 1 to 
5mm diameter. 

11. A product according to claim 8 in which the hydraulic binder slurry is chosen from the 
group comprising of the alpha or beta hemihydrates of calcium sulphates, Portland 
cement calcium aluminate, a pozzolan with lime or with Portland cement and magnesium 
oxichloride or a magnesium oxisulphate. 
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12. A product according to claim 8 in which the thermoplastic material in liquid form is chosen 
from a dispersion or emulsion of vinyl polymers , polymers of acrylates or methacrylates or 
a solution of a polyvinyl alcohol in water or combinations between them. 



13. A product according to claim 8 in which the thermoplastic material is a molten 
thermoplastic chosen from polyethylene, polystyrene, polypropylene, polyvinyl chloride, 
polyvinyl acetal, ABS, bitumen, or waste refinery product 

14. A product according to claim 8 which is laminated on both sides with paper bound to the 
board with a choice of gypsum or alkali silicate in water slurry reinforced with a 
thermoplastic polymer in water chosen from acrylates, methacrylates, vinyls and polyvinyl 
alcohols. 

15. A product according to claim 8 which is lined on both sides by a gypsum in water slurry 
reinforced with a thermoplastic polymer in water chosen from acrylates, methacrylates, 
vinyls and polyvinyl alcohols. 

16. A product according to claim 8 which is post impregnated with hydrate pre-cursors or 
hydrogels chosen from compounds that form hydrates that release water at temperatures 
below 300°C or alkali silicates respectively or intumescent compounds. 

17. A product according to claim 8 in which the hydraulic binder slurry is caused to foam 
before or after its induction into the flexible open cell polymeric foam element 



23 




WO 2004/016680 



T/ZA2003/000109 



FIGURE 1/SHEET 1/4 




IT/ZA2003/000109 



:E 5 / SHEET 3/4 





WO 2004/016680 A3 IIHIIIIIMIIIilllllllllllinillllllllllllllllllllMIIIIIIIIIIIIII 



Rec’i PfT/FTO 1 5 TEB 2005 



(12) INTERNATIONAL APP 






ION PUBLISHED UNDER THE PATENT CO' 



M/5 

otKatiois 



2AA28 



TION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 

(43) International Publication Date 

26 February 2004 (26,02.2004) 




(10) International Publication Number 

PCT WO 2004/016680 A3 



(51) International Patent Classification 7 : C04B 38/10, 

C08J 9/40, C04B 28/00, B29C 44/56 

(21) International Application Number: 

PCT/Z A2003/0001 09 



(22) International Filing Date: 14 August 2003 (14.08.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
2002/5395 
2002/5960 
2002/6532 
2002/8170 



15 August 2002 (15.08.2002) ZA 

15 August 2002 (15.08.2002) ZA 

15 August 2002 (15.08.2002) ZA 

10 October 2002 (10.10.2002) ZA 



(71) Applicant (for all designated Stales except US): BAL- 
MORAL TECHNOLOGIES (PROPRIETARY) 
LIMITED [ZA/ZA]; Building 16, CSIR Campus, Meiring 
Naude Road, Scientia, 0184 Pretoria (ZA). 



(72) Inventor; and 

(75) Inventor/Applicant (for US only): SYMONS, Michael, 
Windsor [GB/ZA]; 16 Luipaard' Road, Monument Park, 
0181 Pretoria (ZA). 



(74) Agent: SYMONS, Michael, Windsor; P.O. Box 72967, 
Lynnwood Ridge, 0040 (ZA). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, Cl, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Declaration under Rule 4.17: 

— of inventorship (Rule 4. 1 7( iv) ) for US only 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

8 April 2004 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: METHOD OF PRODUCING A HYDRAULIC BINDER OR THERMOPLASTIC CONTAINING PRODUCT 




(57) Abstract: A method for manufacturing an hydraulic binder or thermoplastic binder containing product including the steps of 
impregnating the binder into a flexible open cell polymeric foam element by compressing the foam element to exclude air from the 
open cells and then releasing the compression with the foam elements whilst in contact with the binder so that the binder penetrates 
and becomes contained in the open cells of the foam elements as it regains its shape. Alternatively impregnating the binder into the 
foam element from one side under pressure so that the binder penetrates and becomes contained in the open cells of the foam and 
then allowing the binder to set or hardened and dry to form the product. The product is particularly suitable as a building element. 







INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTSV' 

IPC 7 C04B38/10 C08J9/40 C04B28/00 B29C44/56 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C08J C04B B29C 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° I Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 3 468 771 A (PEDLOW JOHN WATSON) 
23 September 1969 (1969-09-23) 
claims; example 



1,3, 

8-13,15 



US 3 451 842 A (WIKNE SVERRE ET AL) 
24 June 1969 (1969-06-24) 
claims 



PATENT ABSTRACTS OF JAPAN 
vol . 1998, no. 13, 

30 November 1998 (1998-11-30) 

& JP 10 218682 A (OZAWA CONCRETE KOGYO 
KK), 18 August 1998 (1998-08-18) 
abstract 



I- 3, 7, 8, 

II- 13,15 



1,8,9 



-/- 



Further documents are listed In the continuation of box C. 



° Special categories of died documents : 

“A* document defining the general state of the art which Is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

*L" document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
dtation or other special reason (as specified) 

"O' document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the International filing date but 
later than the priority date claimed 



Date of the actual completion of the International search 



□ Patent family members are listed In annex 



"T" later document published after the International filing date 
or priority date and not in conflict with the application but 
dted to understand the prindple or theory underlying the 
Invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document Is taken alone 
"Y" document of particular relevance; the claimed Invention 

cannot be considered to Involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of the same patent family 



Date of mailing of the international search report 



11 February 2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patent laan 2 
NL — 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx 31 651 epo nl, 

Fax (+31-70)340-3016 



26/02/2004 



Authorized officer 

^Oudot, R 



OmVlC!A»1i 

















INTERNATIONAL SEARCH REPORT 



BE RELEVANT 



C.(Contl filiation) DOCUMENTS CONSIDE 



Category ° Citation of document, with indication .where appropriate, of the relevant passages 



DATABASE WPI 
Section Ch, Week 200120 
Derwent Publications Ltd., Lond 
Class A93, AN 2001-194677 
XP002269921 

& JP 2001 011232 A (WATANABE H) 
16 January 2001 (2001-01-16) 
abstract 



London, 6B; 



DATABASE WPI 

Section Ch, Week 198718 

Derwent Publications Ltd., London, GB; 

Class A93, AN 1987-125468 

XP002269922 

& JP 62 066903 A (WATANABE H) 

26 March 1987 (1987-03-26) 
abstract 



Prtim PflT/JRA/Pin r»f comnH qHaoH /. b ilu 1QQ9\ 








INTERNATIONAL SEARCH REPORT 



Inteq nal Application No 

PCT'/j®B3/00109 



Patent document 
cited in search report 


tiBH 


Patent family 
member(s) 


Publication 

date 


US 3468771 


A 


23-09-1969 


DE 


1704908 A1 


19-05-1971 








6B 


1197903 A 


08-07-1970 


US 3451842 


A 


24-06-1969 


BE 


644811 A 


01-07-1964 








DE 


1471296 A1 


28-11-1968 








FR 


1403673 A 


25-06-1965 








GB 


1054421 A 










NL 


6402349 A 


08-09-1964 


JP 10218682 


A 


18-08-1998 


NONE 






JP 2001011232 


A 


16-01-2001 


NONE 






OP 62066903 


A 


26-03-1987 


JP 


1044125 B 


26-09-1989 








OP 


1561415 C 


31-05-1990 



Form PCT/ISA/210 (patent family annex) (July 1992) 






This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□'CC 



COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 

[2ur 



LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFEREN CE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




